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At  the  beglzmlng  of  this  p&at  quarter  It  was  eacpeoted  that  the  new 
^tioel  funmoe  (mxlsam.  teoqpcrature  1600  - 1800  d0greBa  F)  would  be  ready 
far  XM«  With  the  testa  of  the  a^oial  deoxidised  80  nideel  * 20  ohrosdtBi  alloy 
•npiplled  h|y  the  Kstersatloual  Nlokel  Coopany^  It  v&s  hoped  that  the  natm^  of 
iiitarwrytoiUtMi  fractuire  could  be  detemijaed  and  l^t  the  previously  fomnlated 
theory  of  Intercryetal  1 Ine  ftaotura  could  be  put  into  a more  definite  fonD« 
However,  the  problem  of  lealcage  around  the  furnace  viudov  has  resisted  solutissi 
up  to  this  tlBie,  Sealing  the  vlndov  with  vsx  or  glyptol  has  failed  becatise 
of  the  liigh  tes^rature.  At  the  present,  sealing  \dth  a high  tac^>erature  rubber 
gasiket  is  being  tried* 

The  program  of  the  nlohrooa  alloys  is  delayed  because  the  new  optieal 
finreaoe  is  not  yet  in  trerking  condition.  Instead,  to  keep  other  tests  undnr 
way,  a high  purity  aluminum  speclnen  has  bean  tested  at  900  degrees  F in  the 
old  optical  oreep  furnace  in  an  attempt  to  determine  the  effect  of  grain  boundary 
ehape  and  orientation  on  the  direction  of  grain  boundary  migrationc  Thera 
vere  twelve  grains  in  the  specimen,  whose  orientations  were  doteminad  by 
7.f-ray  taohniquea  before  the  test.  The  range  of  orientations  ooverod  praotloally 
the  whole  area  of  a standard  triangle  on  a stereographio  projection.  After  a 
careful  study  of  the  direotlon  of  grain  bouztdary  migration,  the  indlnatiGn 
of  the  grain  boundaries  with  respect  to  the  direotlon  of  the  applied  stress 
and  to  the  direotlon  of  the  grain  boundary  curvature  is  still  the  detexsiiaing 
feotar^  whieh  governs  the  direction  of  hounda^  migration  during  oreep,  as 
has  been  dlsouesed  in  a pirevl.  jus  ptsbUoation  • The  effect  of  orlentatlan 
differsnoos  across  various  grain  baundaries  appears  to  he  insignificant.  In 
order  to  aeoertaln  whether  this  is  true  for  a wide  range  of  orientation  dif* 

ferenoes  and  geometries,  more  speoimens  will  be  tested. 

w Ho  S«  Chang  and  N.  J.  Ghrantx  Grain  Boimdary  Slidij:g  and  Migration  and 
Xntererystalllne  Failure  Uoder  Croep  Conditions.  Trans.  AIMS  (1953)#  1^« 
p*  305#  Journal  of  Metals,  (February,  1953). 


Thft  azo  Mliing  rumaea  (eoXd  cxvell^a),  hsat  traatijog  fumaoes,  hot 
X»*rBy  oaaara  axtd  amclUaiy  aquipBKtnt  for  this  program  are  now  ready  for  the 


sX.  progruft.  3n  the  meantime,  aone  reaearoh  ia  being  ocB|)leted  on  18-8  types  of 

flteela  in  lAioh  the  stmoture  oonpoaltion  and  high  tes^rattxre  propartles 
LU 

are  being  related,  A desoriptlon  of  thia  wozic  foUowst 

Ll_’ 

Reaearoh  has  bean  oarrled  on  for  the  peat  year  to  determine  the  effeota 
9f  eoBgiOBitlQn  and  atruetore  on  the  propeartiea  of  18-8  type  atainleaa  steels 


with  the  objeotlve  of  obtaining  optimum  atruoturea  in  this  t^  of  alloy  for 

(2) 

high  tenperature  applioatlonss  work  of  Hum  indicated  that  certain 
aeieular  atmetnres  in  18-8  type  ateela  have  erssp  azid  rcg>ture  properties 


batter  those  of  aingle  phase  austenitis  -llgyg-  - 

stmetures  were  obtained,  however,  by  vacuum  melting  the  alloys,  vhioh  yislded 

low  values  of  carbon  and  nitrogen  in  the  stMl,  In  an  att«sg>t  to  learn  more 

regarding  these  relatively  stable  aoioular  struotures  and  feasible  xaethods, 

« 

a Vida  range  of  alloy  ooBspositiona  were  made  for  the  piapose*  Steels  of  the 
foUowing  ooBgioaltions  were  melted  in  an  induction  fursnoe  and  oast  into 


thlrty-poml  ingots: 


iLSbEODlilB 

< W^nlrii^ 

% Carbon 

% Cfiartea  f giteaMa) 

12 

18,24 

10.97 

0.104 

0.035 

0.1^ 

13 

18.28 

11.18 

0,067 

0.035 

0.102 

11 

18,68 

10.92 

0.0^ 

0.036 

0.068 

10 

18.49 

6.09 

0.116 

0.035 

0.151 

29 

5.93 

0.070 

0.035 

0.105 

1 

18.50 

6.15 

0.032 

0.034 

0.066 

lha  Ingots  vers  forged  to  2/2  inch  diameter  round  rods,  Hina  inch  lengths 

of  the  rods  voro  aolutien  trsated  at  2000  dagrsea  F for  1/2  hour  and  water  qunohed» 

Bim,  aiod  (hriuit,  N,  i«:  Auatenttlo  Stability  and  Creap  Ihzpture 

Propartlea  of  18-8  Stalzdeaa  Steels,  Trans,  ASM„  Vol,  ^ 1953* 
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StttBdifd  test  apeeiaeas  for  atress-r^pturo  toata  wart  nacdiiasu  txm  the  rods. 

St— la  nmbar  12,  13,  azid  11  ara  all  aini^a  xdliaaa  a—t—ltie  ata^« 

All03^  10  la  a^istanitio  vith  acme  nartanalte.  Alloy  29  omtalua  nartacalta, 
auatanita,  axxd  asaU  amounts  of  fsrritc. 

Alloy  1 omtalns  aartecaite,  atiatenlto,  and  large  aoounta  of  ferrite. 

IVm  tha  raaulta  of  atress-no^ture  teats  it  vae  daterminad  that  these  etruetures 
produce  large  dlfferenoas  In  rtqptura  strengths. 

Tha  tanpex'atures  of  tha  three  nartensitio  steels  were  detaralnad 
uaizig  tha  e^'.et  ri.  1 resistivity  technique*  Baqperimental  values  of  the  Mg 
points  are  given  in  the  following  table: 


G3T  e>. 

Galcuiatsd 

1 

+ 136*  P 

+ 90'P 

29 

♦ 41*  P 

+ 79‘P 

10 

-156*  P 

-109*? 

M oelculatart  values  were  based  on  the  fonmua  detezmicad  by  null  and 
Eiahelppun  o 


Mg*f  s 75(146 6-Jter)  + 110(8,9-JtNi)  t 50(0647-j£Si)  +3000(0o068-?.  %C  +Jftr) 

+ 60(lo33-jQfe)  ^60*  P 

(h  the  basis  of  the  Mg  for  steel  10,  the  martensite  in  the  structure  must  be 


due  to  quenching  strains. 


The  etrasaHTupture  stz'engths  of  these  alloys  are  siannarized  in  the 
follouing  table.  Stresses  for  1000  hour  nq>ture  life  are  extrapolated  values 


based  on  tests  ususlly  not  exceeding  300  hours. 


Steel 

Tempera  ture 

Stress  for  100  hoicr  runturs 

Stress  for  1000 

12 

1000  F 

44,500 

33,000 

13 

1000 

42,00Q 

3.3,000 

11 

1000 

37,500 

26.iX)0 

10 

1000 

49,500 

43,000 

1 

lUW 

34,000 

u 

1200 

23,000 

16,000 

13 

1200 

20,000 

U,300 

11 

1200 

19,500 

14,500 

10 

1200 

21,500 

16,300 

1 

1200 

15,400 

10,300 

riptm 


(l)  EiohalBU,  E.  and  Hull,  ^ S^e^  cf  CoRgposition  on  the  ^amper&toxe 

Spoatanaoue  Transforiratlon  of  Austenite  to  Martensite  in  18-8  Type  Stainlaas 
Steel.  Tracso  ASH  ^ 1953,  p.  77.  '* 
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2X2*  IffiMt  dt  fttniotvre  end  Gonpoiltion  on  the  Starongiu  FiropertlM  of 

Sliflllilli  S^l 


Eig^t  tu«at7<-if  ive  pound  Izigots  have  been  prepared  by  nel-bing  Armoo 
iron;i  eleotxolytio  nickel,  and  ferro-ohronltm  in  an  Indviotion  rumaoe,  de- 
grldlalng  vith  Mn  and  Si  and  oaating  into  graphite  mdida.  The  Ni  content 
of  these  ingots  vas  maintained  fairly  cenatent  at  B j^eroant  vhlle  the 
ehronium  and  the  carbon  contents  were  varied  as  can  be  seen  in  the  f aUowlng 
t&hlei 


Hfr^-  ffff- 

< Chraaium 

< Si<a»i 

% C?arbon 

% Nitrogen 

3 

17,30 

8.28 

0.020 

0.020 

15 

16.49 

8.3J2 

0*067 

0,030 

9 

17,24 

8.18 

oaa? 

0,030 

;ai 

18.52 

8.04 

0.080 

0*030 

20 

18.51 

8.13 

0,100 

0.030 

4 

19.60 

8*46 

0*029 

0,028 

19 

19.75 

8.12 

0*060 

0,030 

7 

19.60 

8.05 

0*113 

0.031 

The  ingots  ware  hot  forged  to  1/2  inch  diameter  rod  ^ch  in  turn 


Wis  soluticQ  treated  at  lOCO  degrees  7 for  1/2  hotir  and  then  quenched  in 


uataTo  Metallographio  sanplea  of  each  heat  wars  examined^  The  grain  size 


i«ui  found  to  be  fairly  constant  for  all  the  different  heats*  The  ste^ 
were  found  to  be  ohiefly  anatenitle  but  a few  had  a amall  amount  of  delta 


ferrite  and  martensite.  Thirty  standard  0.250  inch  diameter  by  1 inch  gage 
tensile  specimens  were  machined  from  each  heat  of  steel  and  stress-nature 
tests  were  oonduoted  at  three  teaq^exatures,  1000,  1200,  and  1?00  degrees  7. 


Raptan  lives  were  detezmined  from  six  minutes  to  100  hours  at  the  lower  two 
t«nper&tures  azad  from  six  minutes  to  500  hours  at  1300  degrees  7.  The  500 
hour  tests  are  still  in  progress.  The  nature  life  data  obtained  so  far  are 
stanerised  in  the  following  table. 


.iowr 


J2QQJL 


Buti  Wh 

-JuybCk. 

300  ig- 

JLg,bai- 

,I0P.tee., 

10  hr.. 

aOQ  tes. 

3 

44,000  psl 

39,000  pel 

26,000  psl 

19,000  psl 

18,000  psl 

11,000  pel 

15 

55,000 

44,000 

27,000 

20,000 

19,000 

13,000 

9 

58,000 

48,000 

29,500 

21,000 

19,000 

14,000 

21 

57,000 

42,500 

26,000 

19,000 

i9,cao 

12,000 

20 

55,000 

45,000 

28,000 

20,000 

18,000 

13,000 

4 

46,500 

40,000 

27,000 

20,500 

19,000 

13,‘X)0 

19 

55,000 

43,000 

29,500 

20,500 

21,000 

14,500 

AjTtcr  testixkfi^  ths  test  bars  wore  seotlcasd  azad  adorographio  studies 
ere  being  ooDdooted  to  detemlne  structural  changes  such  as:  recrystaUlBatloix, 
grain  grovth,  sigasi  or  ferrite  f^!iaatloo;  and  carbide  precipitetiono  AHcving 
for  these  stsructoral  and  on«gnical  ohangesi  it  vlll  be  possible  to  dsterndzie 
the  effect  of  chr«anivai  and  o«?bc3A  pi'os  nitrogen  ocntent  on  the  high  taEperatura 
propertleso 

It  Is  possible  to  vary  the  struoture  of  several  of  these  stainless 
steels  by  ooding  belov  their  and  thereby  Introducing  aertensite  into 
the  8truotare«  Ihe  Mg  values  for  these  steels  are  now  being  determined  by 
measuring  the  elsctrioal  resistanoe  of  the  steel  as  a Ibnotlon  of  the  tas^perature 
by  means  of  a Kelvin  Double  Bridge.  In  the  foUoving  table  are  piresented  the 
Mg  data  determined  vp  to  the  present  time,  axtd  the  tenperature  as  oaloolated 
xroD  a fomnla  baaed  cm  the  ohesnioal  eoo^osltlon  ^diieh  vas  detaxmined  by 
Mitfielman  and  HuU^\ 


Heat  No. 


M , calculated 


M , eoqiPTiffiaatal 


3 

1C 

9 

20 

M 

19 

7 


-20  F 

-315 


-300 

-280 


-<40  7 

not  sooucately  deteocsnnsd 

not  deteoted  down  to  -3^  7 
s s s s 

M s s a 

tf  ft  M M 

M » « m 

M M « B 


The  teBQMzfng  of  martenelte  can  be  followed  by  resistance  measur— »ti 
and  the  etruetures  present  at  the  testing  tes^peratures  determined  by  msens  of 
additional  X-ray  and  aetallographio  studlea.  In  this  oonneotlon  a hl^  te^persturs 
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2-ngr  rnmn.  bas  baoa  tued  to  roUew  tha  dlBappoazBneo  of  tha  sartaaiita  lixMo 
Tha  haating  and  cooling  rata  for  the  raalstivlty  testa  vas  Ghoaen  at 
35  dagraaa  7/ioiii  ainoe  it  vaia  foiad  that  faster  rates  did  not  allow  suffioiaot 
tikis  for  aoourate  neasuwpwita.  At  this  rate  the  ooBqplata  reaaralon  of  oartansite 
to  anstenite  has  been  observed  to  ooour  In  the  tanperatura  range  of  1^00  to  1400 
degress  7 for  all  tha  steels  tested*  Isothenaal  resistivity  tests  have  bean 
eondootad  for  one  steal  ttm  1000  to  1400  degrees  7 and  frca  tha  reaeticn 
rates  tha  activation  nergy  was  detcxsilned  to  ba  apFradrately  10»000  oals* 

Tsrther  experinentation  is  uow  in  progress  to  detexnine  activation  energi^ 
different  steels  and  tha  aioounte  of  martensite  present  at  various  tfop^ 
eratures  for  different  steels*  Stress  nature  tests  then  will  be  run  with 
spa  sans  ooolad  below  their  so  as  to  asoeztaln  the  effect  of  an  aoioolsr 
aartanslte  phase  on  the  high  tenrerature  strength  properties.  In  particulsr» 
basts  mad)ar8  3 and  15  look  pcranising  for  such  exparisentatlon* 


